Aims. We try to identify the origins of field O-stars in the nearest 2 to 3 kpc around the Sun using the best presently available kinematic data on O-stars and on young open clusters. We investigate the question if the present-day data are consistent with the assumption that O-stars have formed in groups (clusters, associations), or in isolation. Myrs ago, and that its present-day distance is 300 pc (compared to 440 pc before). The revised distance implies a significant revision of the stellar parameters (a radius of 14 R ⊙ , a mass of 22.5 M ⊙ , and a luminosity of log L/L ⊙ of 5.74) i.e, ζ Pup is closer, less massive, and less luminous than previously thought. Our findings provide independent estimates of the present-day distances and absolute magnitudes of field O-stars.
Introduction
Do all O-stars form in groups (clusters, associations) as is commonly believed or is the formation of O-stars in isolation possible? This long-standing question can only be answered, when the birth-places of all O-stars will be discovered. A review of the situation is given in the introduction by Gies (1987) and recently in Zinnecker & Yorke (2007) . Gies (1987) compilied a catalogue of 195 O-stars which he used to infer the first solid statistics about runaway and field O-stars. Recently, a new catalogue of Galactic O-stars (GOSV1 version 1, Maíz-Apellániz et al. (2004) ; GOSV2 version 2, Sota et al. (2007) ) was published. Comprising 370 O-stars, the catalogue allows to re-address the statistics of O-star birth-places. In particular, the GOSV2 catalogue contains a subset of 105 O-stars called field, which simply means that they cannot be identified as present or former members of recognised groups. Such "isolated O-stars" are of essential interest to decide the question if "isolated" massive star formation is possible or not.
Because of the relatively short lifetime (a few million years) near the main sequence, the orbit of an O-type star in the wider solar neighbourhood can, in principle, be followed all the way Send offprint requests to: S. Röser back in time to the onset of its hydrogen-burning stage. This means that the location of its parent star forming cloud can be determined. Investigating the area around these parent clouds, one may find other young objects there, e.g. young star clusters or OB-associations.
During the last decade, after the results of the Hipparcos mission became available, nearby OB-associations have been investigated in considerable detail (de Zeeuw et al. 1999 ). However, not all OB-stars have been found living in associations, some are far way from presently-known stellar groups on the sky.
Using the data from ESA's Hipparcos mission, Hoogerwerf et al. (2001) back-traced the orbits of 56 OB-type runaway stars and nine compact objects with distances less than 700 pc. They found that at least 21 objects of their sample could be linked back to nearby associations and young open clusters. The authors state that the remaining objects may have originated from distances farther away than 700 pc, where the knowledge of parent groups is poor.
Another line of argument has been followed in two papers by de Wit et al. (2004, 2005) . In their first paper they investigate the origin of 43 O-type field stars from the O-star catalogue by Gies (1987) . The authors search the area around these stars for stellar groups in the near-infrared which are possibly hidden in the optical. In their second paper (de Wit et al. 2005) they investigate the same sample kinematically. They excluded as field stars the runaway stars, i.e. those with spatial velocities above the limit of 40 km s −1 set by Blaauw (1961) and those at distances larger than 250 pc from the Galactic plane. Combining the results of both papers they claim that not more than 4 ± 2% of all O-stars in Gies' catalogue can be called genuine field stars.
The argument by de Wit et al. (2004 de Wit et al. ( , 2005 ) is a rather indirect one, they are excluding stars as field without being able to retrace their origin. This is exactly the point where we start our present study. Only if one succeeds to retrace an O-star to a parent group within its past lifetime one can say with certainty that this O-star has originated in a group. Proving or disproving this point is not an easy task given our incomplete knowledge of possible birth-places in the wider neighbourhood of the Sun and the uncertainties of the six-dimensional phase space coordinates (position and motion) of candidate stars and candidate clusters and/or associations.
In this paper we are testing the hypothesis that O-stars, the origin of which is hitherto unknown, may have been ejected from young open clusters (or their protoclusters) during or after the star formation period in the (parental) cluster. For this purpose, we follow the path of stars and clusters back in time in the Galactic potential. In the next section we present the underlying observations, then we describe the method and its application. Section 4 is a presentation and a discussion of the results. In Section 5 we consider a few selected examples of stars with the adopted solutions, whereas in Section 6 we briefly discuss the stars for which we did not find an acceptable solution. A summary concludes the paper.
Observational material
For the back-tracing of stellar and cluster orbits we are using the most homogeneous and accurate data of all 6 parameters of space phase available at present. We took the positions and proper motions from the recently completed PPMX catalogue (Röser et al. 2008) , and the radial velocities from the CRVAD-2 (Kharchenko et al. 2007 ). The major sources of specific information on open clusters and O-type stars were the catalogues by Kharchenko et al. (2005a,b) and Sota et al. (2007) , respectively.
Open clusters
The Catalogue of Open Cluster Data (COCD) and its Extension (Kharchenko et al. 2005a,b) includes 641 open clusters and 9 cluster-like associations identified in the ASCC-2.5 catalogue (Kharchenko 2001) . For each cluster the membership was determined using spatial, kinematic, and photometric criteria (Kharchenko et al. 2004) . A homogeneous set of cluster parameters was derived by applying a uniform technique. The nine associations are included in the COCD because of their compact appearance on the sky and small dispersion in proper Upper panels show the distributions for the 161 young open clusters, lower panels for the 93 field O-stars. The peak at 10 km/sec in σ RV of O-stars represents stars for which no information on the rms error of the radial velocity is given in the literature. motion space, so that they can be treated via our standard membership selection procedure. The COCD contains the celestial position of a cluster, its distance to the Sun, reddening, age, angular size, proper motions, and, if available, radial velocity. Recently, the parameter set was supplemented by tidal radii and masses (Piskunov et al. 2008a) . The completeness of the cluster sample is mainly defined by the limiting magnitude of V ≈ 11.5 of the ASCC-2.5. Therefore, even nearby embedded clusters can been missing in the sample if their members were fainter than V ≈ 11.5 in the optical. Nevertheless, for "classical" open clusters, i.e. when the bulk of the placental matter is removed and clusters become visible in the optical spectral range, the sample was found to be complete up to a distance of about 850 pc .
In the context of this paper, however, we are not interested in the full sample, but in a sub-sample of young clusters. As potential candidates for parent groups we considered 161 clusters (including 9 associations) younger than 30 Myr, and having radial velocities measured. Since absolutely bright stars are still present in these clusters, this subset is volume limited to about 2 kpc ), or to a distance modulus (V − M V ) ≈ 13 when extinction is taken into account. Except for proper motions, the cluster data for each cluster (i.e., coordinates of the cluster centre, distance, and radial velocity) were taken from the COCD. The mean proper motions were recomputed from the PPMX data and the membership information given in Kharchenko et al. (2004) . In the upper panels of Fig. 1 , we show histograms of the mean errors of the kinematic data for this sub-sample of young clusters. The sample of O-type stars for this paper was taken from the second version GOSV2 (Sota et al. 2007 ) of the "Galactic O star catalog" by Maíz-Apellániz et al. (2004) , with 370 entries. The catalogue is expected to be complete for O-stars brighter than V = 8 but it includes many fainter stars, too. For each star, the catalogue delivers spectral classification, photometric and astrometric data, and further information such as multiplicity and membership in known associations. Among 370 stars, 105 stars are classified as field stars or field runaways from unknown parent groups. These are the stars we were interested in.
Again, we took the positions and proper motions from the PPMX catalogue. Doing so, we not only benefitted from accurate proper motions but also kept proper motions of clusters and O-stars on the same system. Radial velocities came from CRVAD-2. Though CRVAD-2 presents data for 55000 stars, radial velocities are available for only 93 O-stars of our list. Unfortunately, for 41 stars, no information on the rms errors of radial velocities is available, so we assumed them to be ±10 km/s. The histograms of the mean errors of kinematic data for the final sample of O-stars are shown in the lower panels of Fig. 1 . As expected, the accuracy of the data for clusters is, on average, higher than for O-stars. For clusters, the median of the rms errors of µ α cos δ, µ δ and RV are 0.5 mas/yr, 0.4 mas/yr and 3.4 km/s, respectively. For O-stars, the corresponding numbers are 1.2 mas/yr, 1.0 mas/yr and 7.5 km/s.
The distances of O-stars are more of a problem. The GOSV2 gives Hipparcos (ESA 1997) parallaxes for all stars for which these are available. Very recently, van Leeuwen (2007) published the new reduction of the Hipparcos observations. Due to a sophisticated modelling of the satellite's attitude, van Leeuwen (2007) could considerably improve the trigonometric parallaxes of stars brighter than about 8th visual magnitude. However, only five O-stars of our sample had Hipparcos parallaxes with an accuracy better than 30%.
In order to get distances for all stars, there was no other chance than using the methods of distance estimates based on the spectroscopic and photometric data. To derive spectroscopic distances d sp from the well known relation
we took the observed B and V magnitudes and the spectral classification from the GOSV2 catalogue, and converted spectral type into absolute magnitude M V and (B-V) 0 according to Schmidt-Kaler (1982) . However, the spectral classification of O-stars is neither straightforward nor unambiguous. For example, for a relatively bright star, HD 135240 (V = 5.08), one finds a spectral type and luminosity class of O 7.5 III in the GOSV2 catalogue and O 8.5 V in SIMBAD. This difference in spectral classification leads to an uncertainty of about 1 mag in distance modulus. The second source of uncertainty arises from the M V -spectral-type calibration which can introduce systematic effects of up to 1 mag (e.g., see Walborn 2002) . Moreover, the calibration of O-stars shows a large scatter which may be intrinsic to the stars themselves (e.g., Conti et al. 1983; Garmany & Stencel 1992) . We conclude that the spectroscopic distance moduli may be uncertain by up to 2 mag, and the distance of a field O-star is the most inaccurate input parameter in the back-tracing of stellar and cluster orbits.
The back-tracing method

The epicycle approach
For the re-tracing of the stars and open clusters we followed the approach used by Fuchs et al. (2006) who adopted the epicyclic equations of motion as given by Lindblad (1959) :
,
where A and B are Oort's constants, Ω 0 is the angular velocity of the Galactic rotation of the local standard of rest (LSR), κ and ν are the epicycle frequency and the vertical oscillation frequency, respectively. We assumed a flat rotation curve A = −B = Ω 0 /2, where Ω 0 = 25.9 km/s/kpc at the Galactocentric radius of the LSR r 0 = 8.5 kpc. We also adopted the same values as Fuchs et al. (2006) for the parameters κ = 39.0 km/s/kpc and ν = 74 km/s/kpc. Eqs. (2) and (3) describe the motion of a particle in a non-inertial coordinate system centred at a fiducial point at a Galactocentric radius r 0 (at Z=0) from the Galactic centre, for which the transformation from the Cartesian Galactic coordinates X, Y, Z into ξ, η, ζ is given by
with r = (r 0 − X) 2 + Y 2 . Similarly, the velocity components U, V, W of the peculiar space velocity (after correcting for solar motion and Galactic rotation) are transformed into u, υ, w via
As we are only interested in the relative location and velocity of a star with respect to a candidate parent cluster, we chose r 0 close to the Galactocentric radius of the candidate cluster in each case, and the flat rotation curve gave Ω 0 = 220/r 0 km/s/kpc. The epicycle and the oscillation frequencies have been assumed to be constant. This extends the validity of the approach, as the initial ξ, η are small for star and cluster, even at larger distances from the Sun, provided that r star − r 0 << r 0 , and υ << r 0 Ω 0 . We checked that the requirements were fulfilled for our solutions.
Variation of the initial conditions and selection of the solution
As a starting point of the backward computations, we took the positions, proper motions, radial velocities of stars and clusters at their nominal values from the sources described in Sec. 2. However, taking into account the quality of the input data, we allowed variations of initial conditions for O-stars in eqs. (2) and (3) The orbits were traced back in time over 11 Myr with a step of 0.05 million years. At each time step, the relative distance between each star and each cluster was determined. For the rest of the paper we adopt the following terminology. We speak of an encounter, if, going backward in time, the distance between star and cluster (centre) was less than 10 pc. This is called an acceptable solution. The encounter time, t enc , is the time before present when an encounter occurred, and the encounter distance, d enc , is the distance between star and cluster centre at t enc . Note, however, that the actual physical process is an ejection of a star from its cluster counterpart. This ejection occurred at time t enc , when the star was at a distance d enc from the cluster centre.
For each acceptable solution, we computed a probability p kin describing how well the proper motions and radial velocities (actually used in the solution) suit the nominal values of the kinematic parameters of given star and cluster:
Here ∆µ α,s , ∆µ δ,s , and ∆RV s are differences between the applied and the nominal values of the corresponding velocity components of the star, and (Σ vc,s,c 
vc,c where σ vc,s and σ vc,c are the rms errors of the corresponding velocity component of the star and cluster under consideration. If ∆ is smaller than Σ in each of three velocity components, then the corresponding solutions has a kinematic probability p kin > 0.606.
This procedure yielded a three-parameter set i.e., encounter time t enc , present-day (or dynamic) distance d dyn of an O-star from the Sun, and kinematic probability p kin of acceptable solutions for the encounter distance d enc . In the next step, we selected 10% of solutions with the largest p kin and gave the highest priority to the solution providing the smallest d enc . If, for a given O-star there were solutions hitting more than one clus- . Dots indicate all acceptable solutions, stars show the best solutions for an individual star-cluster combination. Vertical lines mark different distance estimates for these stars: the solid line is for a spectro-photometric distance from Neckel et al. (1980) , the dotted and dashed lines are for spectroscopic distances based on spectral types from Sota et al. (2007) and M V -spectral-type calibrations from Schmidt-Kaler (1982) and Garmany & Stencel (1992) , respectively. The dashed-dotted line is a distance estimate taking the spectral type from Houk & Swift (1999) and calibrations from Schmidt-Kaler (1982) .
ter, we took into account the available information on distance estimates for this star (e.g., spectroscopic distance, spectrophotometric parallax, Hipparcos parallax) for making the decision.
In Fig. 2 we give two examples of such sets of solutions. The left panel of Fig. 2 shows the case of HD 75222, the right panel is for HD 201345. For HD 75222 we obtain three sets of acceptable solutions depending on the present-day distance d dyn of the star from the Sun. Nevertheless, the solution including vdBergh-Hagen 56 as a cluster which the star encountered about 3 Myr ago can be rejected due to a bad compatibility with spectroscopic and spectro-photometric distance estimates. The solution with Trumpler 15 fits a distance estimate based on M V -spectral-type calibrations from Schmidt-Kaler (1982) but needs strong variations in all three kinematic parameters, so even for the best solution the kinematic probability is smaller than 0.2. On the other hand, the solution with Collinder 205 coincides better with the other distance estimates available for HD 75222, and it is quite a stable one. We conclude: assuming a present-day distance d dyn = 1735 pc, HD 75222 was ejected from the young cluster Collinder 205 at d enc ≈ 1 pc about 6.6 Myr ago. The kinematic probability of this solution is 0.96.
The case of HD 201345 is less clear. There are four sets of acceptable solutions. Again, encounters with NGC 6913 and Berkeley 86 can be rejected since they assume a present-day distance of the star of about 1.2 kpc which is too small with respect to the spectroscopic distance estimates. The solutions with NGC 6871 and Cyg OB2 as counterparts assume both a present-day distance of d dyn = 1740 pc for HD 201345 and fit much better the spectroscopic distance estimates. With a kinematic probability p kin = 0.99 the star was ejected from Cyg OB2 at d enc = 1.5 pc about 5.8 Myr ago. For the solution with NGC 6871 we obtained d enc = 1 pc, t enc = 6.5 Myr, p kin = 0.85. Since the kinematic probability of the solution with Cyg OB2 is higher, we selected Cyg OB2 as the most probable host of HD 201345. However, the solution with NGC 6871 cannot be rejected completely. We discuss this case below in Sec. 5 which is devoted to the results on individual stars.
For each star with a present-day distance d dyn determined, we can estimate its absolute magnitude M V using eq. (1) which directly provides a relation (M V − 3.1(B − V) 0 ). Assuming that the adopted extinction law is correct and the intrinsic colour (B − V) 0 of an O-star is between −0.33 mag and −0.13 mag, we obtain a maximum variation of about 0.6 mag for its absolute magnitude M V . The limit of −0.33 mag is defined by the location of the ZAMS, whereas the limit −0.13 mag corresponds to spectral types from B7 V to B3 I (see Schmidt-Kaler 1982) and it was chosen to be on safe ground not to exclude O-stars. Assuming further that the star is "genetically" related to its counterpart-cluster, we chose the crossing point between the line (M V − 3.1(B − V) 0 ) for the star and the isochrone corresponding to the cluster age to be the absolute magnitude M V of the star. For illustration, we show the corresponding Fig. 3 for HD 75222 and HD 201345. The adopted absolute magnitudes M V are −5.6 and −4.0 for HD 75222 and HD 201345, respectively. 
Results
For 73 out of 93 O-stars considered, we found acceptable solutions indicating that the present-day data are consistent with the assumption that these O-stars had encountered (actually, are ejected from) young open clusters during the past 10 Myr. The essential results of the back-tracing calculations are compiled in Table 2 . For each of the 73 O-stars we give: HD identification (column 1), its spectral classification taken from the GOSV2 catalogue (2), name and age (Kharchenko et al. 2005a,b) of the probable counterpart cluster (3, 4) , the dynamical distance of the star d dyn (5). Column 6 gives the time t enc , i.e. the time before present when the star was ejected. Columns 7 and 8 are the distance d enc and the relative velocity ∆Vel enc between the star and the cluster at t enc . Column 9 contains the star's absolute magnitude and its upper and lower limits estimated from d dyn (see the end of Sec. 3.2), and column 10 gives the kinematic probability p kin of the solution.
Except in one case, the kinematic probability p kin is always larger than 0.5. This means that in units of rms errors, only small variations of the kinematic parameters were needed to get an acceptable solution for the majority of stars. The distributions of off-sets in the sense (used parameter − nominal parameter) are shown in Fig. 4 for proper motions and radial velocities of the 73 stars with acceptable solutions. The distributions do not indicate any anomalies, so we conclude that the results of the back-tracing calculations can be used to understand where the field O-stars came from and explain their present location.
Of 161 young open clusters in our sample, only 48 clusters were "hosts" of field O-stars. Only two clusters are older than 20 Myr. Twelve clusters ejected two O-stars each, two clusters (Cyg OB2, and ASCC 8) had three ejections in the past, and three clusters (Trumpler 14, Loden 821 and ASCC 9) even four ejections. Three O-stars turned out to be members of the newly detected open clusters ASCC 45 and ASCC 79 (Kharchenko et al. 2005b ). Since their origin seems to be clear, they are excluded from the statistics presented below.
In Fig. 5 we show the ages of the clusters versus encounter time t enc . Close to the bisector in this figure, one expects to find O-stars which left the cluster birth-places just before, during or just after the time the clusters were forming. In this sense they were members of protoclusters but did not become actual cluster members; they were formed in the same regions where the corresponding clusters originated. On the other hand, there is a number of O-stars with t enc significantly smaller than the ages t ocl of their counterparts. For these stars, we assume that they were ejected from the already formed cluster at an early stage of the cluster's life, either due to internal evolutionary processes in the cluster itself, due to binary evolution or due to external disturbing forces (see e.g. Kroupa & Boily 2002; Zinnecker 2003) . We have marked these candidates by crosses in Fig. 5 when t enc < 0.5 × t ocl . This criterion is related to the accuracy of the age estimates of open clusters in our sample which is found to be about σ log t = 0.20...0.25 (Kharchenko et al. 2005a ). We remark that this determination of cluster ages is based on the Padova isochrones (Girardi et al. 2002) which have a lower limit at log t ocl = 6.6. Therefore, the ages of the youngest clusters can be somewhat overestimated. Taking this into account, the portion of ejected O-stars from already formed clusters should be about 25 − 35%. The majority of O-stars, however, was ejected from the star formation region during the protocluster phase. The fact, that we do presently observe the outcome of this latter scenario as an "isolated" Ostar and a surviving open cluster, may indicate that cluster disruption by O-stars in early stages is possibly less effective than assumed by e.g. Lada & Lada (2003) .
From the study of the initial mass function of Galactic open clusters, Piskunov et al. (2008b) found that a typical cluster loses about 60 − 80% of its initial mass during the first 260 Myrs of its evolution. The average mass loss rate determined by Piskunov et al. (2008b) ranges from 3 to 14 M ⊙ /Myr which includes mass loss due to stellar and dynamical evolution. From At the moment of ejection, the relative velocities of former cluster members with respect to their parent clusters are rather moderate, with median at ∆Vel ≈ 45 km/s. This does not change significantly if we consider all 70 O-stars. In Fig 6 we show the histogram of relative velocities ∆Vel for all O-stars with acceptable solutions and for the 23 stars probably having been cluster members in the past. Of five stars with ∆Vel larger than 80 km/s, there is only one which was a former cluster member. The other four belonged probably to protoclusters and were ejected from the regions during cluster formation.
As described in Sec. 4, our back-tracing procedure allows to determine the present-day, or dynamical distances d dyn of O-stars. This gives us estimates of their absolute magnitudes M V,dyn . In Fig. 7 we show the distribution of differences ∆M V = M V,st − M V,dyn to the standard calibrations from Schmidt-Kaler (1982) , Walborn (1972) , and Garmany & Stencel (1992) . At first glance this picture is intriguing, but remember that the calibrations of absolute magnitudes of O-stars date back to the pre-Hipparcos era. After Hipparcos it has become possible to start a re-calibration, admittedly more for early B-type stars than for the O-stars themselves. Utilizing the measurements from Hipparcos, Kaltcheva (1999) found M V,st − M V,Hipp = −0.85 ± 0.12 for 44 B0-B3 III, IV stars. This number coincides well with our findings for the median of ∆M V = −0.84, −0.72 or −0.36 depending on the different calibrations (see Fig. 7 ). As we will show below, ζ Pup, the only O-star with a highly signif- Fig. 7 . Distribution of differences in the absolute magnitudes of field O-stars derived from our dynamical d dyn distances versus the absolute magnitudes according to the calibrations by Schmidt-Kaler (1982) , Walborn (1972) , and Garmany & Stencel (1992) , respectively. On average, our d dyn lead to systematically lower M V than the previous calibrations. 
Individual stars
In the following we discuss the results for a few selected stars in more detail. These include the case of ζ Pup, the closest O-star to the Sun, a case of a common origin of 4 O-stars, and finally a case of O-stars presently at large distance from the Galactic plane.
ζ Pup (HD 66811)
ζ Pup is an important benchmark for the astrophysical characteristics of massive stars. Spectroscopically it is classified as O4 I according to Sota et al. (2007) , and its trigonometric parallax from the original Hipparcos catalogue (ESA 1997) is 2.33±0.51 mas. From a back-tracing of ζ Pup, Hoogerwerf et al. (2001) found that this star had a possible encounter with the cluster Trumpler 10 some 2 Myr ago provided that its dynamical distance was d dyn = 250 ... 300 pc. This was inconsistent with the Hipparcos distance of 430 pc, and also its absolute magnitude did not agree with the cluster isochrone. Our back-tracing confirms the results from Hoogerwerf et al. (2001) , giving Trumpler 10 as the host and d dyn = 300 pc, t enc = 2.5 Myr, d enc = 0.9 pc, and p kin = 0.94. This result is consistent with the new Hipparcos parallax (3.00±0.1 mas) from the re-reduction of Hipparcos data by van Leeuwen (2007) . If we literally adopt the new Hipparcos distance of 333 pc, we get a solution with t enc = 1.8 Myr and d enc = 7.1 pc, which has only a slightly smaller probability (p kin = 0.91).
In Table 1 we summarise the distances of ζ Pup from the various sources. Compared to the new Hipparcos benchmark, the old spectroscopic distance renders ζ Pup 1.34 mag too bright in absolute magnitude. According to our d dyn it would be 0.24 mag fainter than based on the revised Hipparcos distance. From a non-LTE analysis of the spectrum, Kudritzki et al. (1983) found that the effective temperature of ζ Pup is T e f f = 42000 K instead of 50000 K according to spectral type O4. This, together with the low log g = 3.5, means that ζ Pup is already away from the ZAMS. Kudritzki et al. (1983) also determined the angular diameter of ζ Pup to be α = 4.0 × 10 −4 arcsec. Together with an assumed distance of (450± 200) pc, this yielded a radius of (19 ± 8)R ⊙ and a mass of 40 M ⊙ . Using the new Hipparcos parallax, we find a radius of (14 ± 0.4)R ⊙ and a mass of (22.5±1.3) M ⊙ . For its luminosity we find logL/L ⊙ = 5.74 ± 0.02. For the error calculation, only the mean error of the Hipparcos parallax is considered. The new Hipparcos parallax rules out the scenarios by van Rensbergen et al. (1996) . They discussed an origin of ζ Pup in Vela R2, which would imply a present-day distance of the star of 700 to 800 pc. The alternative scenario that ζ Pup originated as a field star and its runaway nature is due to a binary history is now also ruled out, because this would lead to a present-day distance between 400 and 800 pc (van Rensbergen et al. 1996) .
To summarise, ζ Pup is closer, less massive, and less luminous than previously thought.
HD 188209, HD 189957, HD 198846, HD 201345
Although, at present, these stars are separated by hundreds of parsecs, they turn out to have common "relatives". We show their spatial distribution in Fig. 8 where X, Y, Z are the Cartesian Galactic coordinates and RG(pc) is the Galactocentric radius of a star or a cluster. The present-day location is shown in the left column (t = 0), whereas the right column (t = −10 Myr) displays the same region 10 Myr ago. At that time the open cluster NGC 6871 had formed (its age is dated log t = 6.99 in Kharchenko et al. 2005a ). Just before, at t enc = 10.9 Myr, the O-star HD 188209 escaped from this region with a relative velocity of about 35 km/s, away from the Galactic plane, and towards the North pole. A few million years later (t = −7.7 Myr, not shown in Fig. 8 ), NGC 6871 passed at about 35 pc the region where the association Cyg OB 2 came into being at t ≈ −5.5 Myr. Kharchenko et al. (2005a) give log t = 6.72 for Cyg OB 2. Immediately before, two O-stars were ejected from this region, HD 189957 (t enc = 5.9 Myr) and HD 201345 (t enc = 5.8 Myr). HD 189957 started in the direction to the North pole with a relative velocity of about 70 km/s whereas HD 201345 moved to the South pole with about the same relative velocity. About 3.5 Myr later (t = −2 Myr) the O-star HD 198846 was ejected from Cyg OB 2 with a relative velocity higher than 100 km/s in the direction to the South pole, too. Asterisks mark the location of stars, the circles represent the clusters; their radii are defined as the present-day tidal radii determined in Piskunov et al. (2008a) . The left columns show the location at present; the second, third, and forth columns show the locations 2 Myr, 5.5 Myr, and 10 Myr ago, respectively. The dashed curves in these panels delineate the stellar orbits computed with the back-tracing procedure from present to the corresponding time t indicated on the top. Note that Cyg OB 2 is younger than 10 Myr, and therefore does not appear in the right-most column.
As we note in Sec. 3 and show in Fig. 2 , there is, although with a slightly smaller kinematic probability, another acceptable solution for HD 201345 suggesting an ejection from NGC 6871 about 6.5 Myr ago. Also for HD 189957, a second acceptable solution turned out to be possible (an ejection from NGC 6871 with the parameters d dyn = 1964 pc, t enc = 7.1 Myr, d enc = 3.5 pc, p kin = 0.84). Since the time of their closest approach with NGC 6871 is comparable with the time when NGC 6871 passed the birth place of Cyg OB 2, one may suspect that this event was the reason for the ejection of HD 201345 and HD 189957 from a region in between NGC 6871 and Cyg OB 2.
O-stars at large distances from the Galactic plane
The majority of O-stars in our sample is located within 200 pc from the Galactic plane. However, there are five stars with a present-day location at |Z| > 400 pc. These stars either had relative velocities at the moment of encounter (ejection) larger than 100 km/s (HD 116852, HD 157857) or they left their cluster counterparts more than 9 Myr ago (HD 14633, HD 105056, HD 175754). Below, we consider two examples, HD 116852 and HD 14633, which have the largest distances from the Galactic plane. These cases are also interesting since their counterparts were clusters hosting other field O-stars, too.
HD 116852 and Trumpler 14
Judging from the spectroscopic distance and high galactic latitude of HD 116852, one can expect that this star is located at a relatively large distance from the Galactic plane. Indeed, from back-tracing we obtain Z ≈ −690 pc for the present-day location of HD 116852. This star left its birthplace in a protocluster of Trumpler 14 with a relative velocity of ≈ 180 km/s about 6 Myr ago, i.e. just before the cluster was formed. Kharchenko et al. (2005a) list log t = 6.67 for Trumpler 14. The location of the star and of the protocluster at that time was at Z ≈ −50 pc. During the next 6 Myr, the cluster moved by only 60 pc, whereas HD 116852 did more than 1 kpc. Merely 1.5 Myr after its birth, Trumpler 14 lost another O-star, HD 93652, and about 1.5 Myr later, HD 91651 and HD 305539 left the cluster, too. Presently, HD 93652, HD 91651, and HD 305539 are located about 40 pc, 75 pc, and 30 pc away from Trumpler 14, respectively. According to Mel'nik & Efremov (1995) , there is an OB-association Car 1 F at about 65 pc from Trumpler 14. Probably, this neighbourhood has had impact on the fate of Trumpler 14.
HD 14633 and ASCC 8
Though presently HD 14633 is at Z ≈ −670 pc, about 9 Myr ago this star was located near the Galactic plane between the clusters NGC 869 (h Per) and NGC 884 (χ Per), i.e. within a region wellknown as the then very active star formation region Per OB 1. About 3.5 Myr later this place was also the birthplace of an open cluster, ASCC 8 (log t = 6.76). In Fig. 9 we show the location of these three clusters (NGC 869, NGC 884, ASCC 8) as it is now and as it was in the past.
According to the tidal radii determined in Piskunov et al. (2008a) , NGC 869 and NGC 884 are the largest clusters in the whole COCD cluster sample. Moreover, their tidal spheres are overlapping, and some concentration of stars above the background is observed in this overlapping zone. Based on common proper motions, an open cluster (ASCC 8) was identified here (Kharchenko et al. 2005b) , with an age of about 5.8 Myr. Obviously, such a location of a cluster does not present a good chance for a long life. From the back-tracing computations, three O-stars marked as field in the GOSV2 came from the region occupied now by ASCC 8: HD 14947 -1.2 Myr ago, HD 17603 -7.3 Myr ago, and HD 14633 -9.2 Myr ago. Two other field stars, HD 12993 and HD 13022, had their origins in NGC 884 and NGC 869, respectively. Note that the final solution for a given star and its host is selected from all acceptable solutions (d enc < 10 pc) to have the smallest encounter distance d enc at the highest kinematic probability p kin . This approach is justified if possible hosts (i.e. open clusters) are separated by distances which are considerably larger than their sizes. This is the usual case. However, the example considered presents an exception from the rule. Here the distances between cluster centres are comparable to their tidal radii. Therefore, so- Asterisks mark the present-day location of the stars, the circles are for the clusters: solid curves for the present-day location and dash-dot-dot-curves for the past. Their radii are defined by the present-day tidal radii determined in Piskunov et al. (2008a) . The dashed and dotted curves show the orbits of the stars and clusters, respectively, computed with the back-tracing procedure. The crosses mark the places where the stars encountered their hosts. Negative numbers in the left panel express the time in Myr when the corresponding events happened (in order not to overload the figure, the numbers are omitted in the right panel).
lutions with d enc > 10 pc can be considered, too. For example, HD 12993 could have been ejected from NGC 869 about 0.8 Myr ago when the star was ≈ 50 pc away from the cluster centre. In this special case, we prefer a more general statement: the observational data for these five field O-stars are consistent with the claim that they originated in Per OB 1.
Stars without solutions
For 73 out of 105 O-stars with assignments as f ield stars in the GOSV2 we could trace back their origins and found the corresponding host clusters or protoclusters. Twelve stars could not be treated by our method, because no radial velocities were available for them. For another twenty, we could not find a solution, i.e. they could not be associated with any of the clusters of our sample in the past 10 million years. This negative finding, however, should not be interpreted as a proof that these O-stars have formed in isolation.
We could not find a parameter or parameters which distinguish these stars from the other field O-stars which had an acceptable solution. Both groups cover a similar range of apparent magnitudes, and they are comparable in the distribution of the mean errors of their kinematic components. Of course, one cannot exclude that a few of them have a true distance modulus differing from the spectroscopic estimates by more than two magnitudes, and/or their true velocity components are outside the intervals checked with the backward procedure. Nevertheless, a more important aspect seems to be that our sample of potential host clusters is not complete for associations and very young (embedded) clusters, as we stressed in Sec. 2.1. Provided that this assumption is correct, one would expect about 20% of field O-stars having their origins in these kinds of objects. To answer the question with certainty, however, more accurate data on the distances and kinematics of associations and embedded clusters are required.
Summary
In this paper we have followed the dynamical history of O-stars that left the groups where they originated in. We leave open the physical mechanisms which are behind these events.
For 73 out of 93 O-stars considered, we found acceptable solutions indicating that the present-day data are consistent with the assumption that these O-stars were ejected from young open clusters or protoclusters during the past 10 Myr. The GOSV2 catalogue counts 370 O-stars, for 265 of which the origin is given in that catalogue. We were able to add 73 more cases to the list. For 32 stars (or 9%) we could not prove the origin in groups.
In this paper we have dealt with aspects of the early phases in the life of open clusters. O-stars are best suited as tracers of this early-phase evolution because of their short life-time. In our sample of 161 young open clusters (age < 30 Myr) from the COCD there are 55 (or ≈ 35%) that have O-stars as members (Kharchenko et al. 2005a,b) , 23 of these have already lost one or more O-stars in their history. Another 24 (or 15%) of the COCD clusters had relations to O-stars in the past 10 Myrs, but do not contain O-stars at present. For 82 (51%) young clusters we cannot prove a relation to presently living O-stars. Either their most massive member is a main sequence star of spectral type later than O, or it is a former O-star which has already evolved. Of the 47 clusters that have lost at least one O-star, we find 14 that are so young that O-star and cluster should already have separated in the protocluster phase.
Summing up the statistics above, the following picture emerges. Fifty percent of the clusters being able to survive the infant-mortality phase are so massive that they contain or contained O-stars. These O-stars have not been able to destroy the cluster. This, in parts, answers the question asked by Lada & Lada (2003) : Do the progenitors of bound open clusters ever contain O-stars? Yes, they did.
The fact, that we could not trace back 9% of all O-stars from the GOSV2, does not necessarily mean that "isolated O-star formation" is possible. Their known astrophysical data (distance, velocities) may be incorrect or our list of possible host candidates may be incomplete. On the other hand, we can interpret our result -no solution for 20 out of 93 stars -as follows: there is an upper bound of slightly more than 20% of Ostars which could have destroyed their family of brothers and sisters with which they may have formed together.
It has been shown by Piskunov et al. (2008b) that classical (gravitationally bound) open clusters in the Milky Way evolve due to stellar and dynamical evolution as well as due to external perturbations. They are losing stellar mass during their livetime at an average rate of 3 to 14 M ⊙ /Myr. In this paper we determined the mass loss rate of young open clusters due to Ostars alone to be 3 to 5 M ⊙ /Myr in the first few million years of their existence.
As a by-product, we find new distances and absolute magnitudes for 73 O-stars. These indicate that the calibration of absolute magnitudes of O-stars should be revised. Their absolute magnitudes are systematically fainter by about 0.3 to 0.8 mag compared to the calibrations by Garmany & Stencel (1992) , Walborn (1972 ), or Schmidt-Kaler (1982 . This would be consistent with the re-calibration of the absolute magnitudes of early B-type stars by Kaltcheva (1999) using Hipparcos trigonometric parallaxes.
We have also shown that ζ Pup, the closest O-star from the Sun, left the young open cluster Trumpler 10 some 2.5 Myrs ago. Its present-day distance from the Sun of 300 pc is compatible with the new Hipparcos distance from van Leeuwen (2007) . This implies a radius of 14 R ⊙ , a mass of 22.5 M ⊙ , and a luminosity of logL/L ⊙ of 5.74 for ζ Pup, i.e. the values are considerably smaller than assumed before. 
